Background: Unstable ankle fractures require treatment with open reduction and internal fixation (ORIF). Long-term functional outcome is satisfying in most patients; however, a number of patients have persistent complaints. Superficial nerve complications following ankle surgery may be the cause of chronic pain and disability. Methods: In this observational retrospective survey, a cohort of 527 women and men, who underwent ORIF in the period from an online questionnaire. Pain symptoms were assessed using the McGill Pain Questionnaire (MPQ) and the Douleur Neuropathic en 4 Questions (DN4) Questionnaire. Descriptive statistics were used to present patient characteristics; a logistic regression model was used to analyze prognostic factors of neuropathic pain. A total of 271 patients completed the questionnaire. Mean follow-up period was 5.8 years (±1.9). Results: Persistent neuropathic pain symptoms were present in 61 of all patients, and 51 of these patients reported an impaired quality of life caused by their symptoms. In univariate analysis, the following parameters were associated with neuropathic pain: age, hypertension, a thyroid disorder, lower back pain, fracture dislocations, and late complications such as nonunion, posttraumatic arthritis, or osteochondral injury. In multivariate analysis, an age between 40 and 60 years was found to be a significant predictor of neuropathic pain. Hypertension, dislocation, and late complications were significant predictors of persistent pain without neuropathic characteristics.
Introduction
Ankle fractures represent approximately 9% of all fractures; there is an increasing incidence, correlated with the aging population. 5 In case of an unstable ankle fracture, open reduction and internal fixation (ORIF) with plate and screws is recommended. 9 Long-term functional outcome is satisfying in most patients, with a return to work rate of more than 80% within 3 months after surgery. 2 However, a number of patients have persistent misunderstood complaints. 3, 24 Superficial nerve complications following ankle surgery may be the cause of chronic pain and disability. The suprafascial course of the nerves in the distal leg makes them susceptible to indirect damage from ankle sprain injuries or ankle fractures. 8, 13, 23, 25 Generally, the most common mechanism of peripheral nerve injury is traction neuropathy. 4 Other causes of neurologic symptoms include nerve compression from soft tissue edema, hematoma, bone fragment, hardware-related, and rarely iatrogenic injury. 24 Foot and ankle neuropathies are frequently underdiagnosed, because clinical symptoms are often subtle and subjective. Patients may present with either new or persistent loss of sensation and/or pain as a result of regional nerve damage. 4 Paresthesia, numbness, or pain along the lateral and medial ankle and foot may be present, and these symptoms can substantially impair the health-related quality of life.
In some patients, nerve damage can cause extreme neuropathic pain leading to impaired daily functional activities. 22 Neuropathic pain is defined by the International Association for the Study of Pain (IASP) as "pain arising as a direct consequence of a lesion or disease affecting the somatosensory system." 16 It affects 7% to 8% of the general population, and a population-based study, conducted in the Netherlands, showed an incidence of 131 000 new cases per year. 7 This retrospective study was conducted to obtain more insight into the prevalence and severity of neuropathic symptoms in patients undergoing ORIF after ankle fractures and to identify prognostic factors of neuropathic postoperative pain.
Methods

Study Design and Population
This study was designed as an observational retrospective study, involving a cohort of patients undergoing ankle surgery from January 2007 to January 2014. Recruitment took place in a large teaching hospital; the medical ethics committee of this institution approved the study protocol, and all subjects provided informed consent.
Patients were included if they were 18 years or older and had undergone operative reconstruction of ankle fractures with ORIF. They were excluded if they could not complete the questionnaires because of physical or mental incapacity, insufficient knowledge of the Dutch language, or if the questionnaire was returned to sender and no new address was available in the medical record. A total of 527 questionnaires were distributed; after 3 months, a second survey invitation was sent as a reminder to increase the response rate, and a final number of 381 questionnaires were returned (72%). Of these, 110 indicated they did not want to participate and 271 questionnaires were completed and could be analyzed (53%). Figure 1 depicts a flowchart of the study enrolment.
Baseline characteristics of the total cohort and study population are given in Table 1 ; no significant differences were found between respondents and nonrespondents in terms of severity of injury or demographic data. Median age of the participants was 50 years; 40% were men and 60% women. Of all fractures, 16% were unimalleolar, 69% bimalleolar, and 15% trimalleolar. The majority (61%) were classified as a type B according to the Weber classification; mean follow-up period was 5.8 years (±1.9). In 30% of the respondents, hardware was removed after a mean period of 40 weeks (±37) after ORIF. All patients received general anesthesia or a spine block, and very rarely this was combined with a peripheral nerve block.
Sample Size Calculation
The sample size was calculated using the formula for proportions and was set at a minimum of 217 patients. 6 The confidence level was set at 95% and we accepted a 5% margin of error in the measured prevalence of neuropathic pain symptoms. The expected prevalence was chosen after the results by Haugsdal et al, who described an overall risk of up to 23% for patients to have some sort of nerve pain following operative treatment of calcaneal fractures. 15 This sample size provided an 80% power, at a significance level of 5%, to detect a 15% difference between patients with and without neuropathic pain.
Data Collection
Eligible patients were invited to an online questionnaire. Those without Internet access were interviewed or handed out a paper version. In addition, we asked for sociodemographic data, such as age, sex, work status, and smoking habits. Remaining data, such as operative approach, fracture classification according to the Weber classification, and medical history, were obtained from the hospital database and clinical notes. The survey is detailed in the appendix (available in the online version of this article).
Primary Outcome
Pain symptoms were assessed using the McGill Pain Questionnaire (MPQ) and the Douleur Neuropathic en 4 Questions (DN4) questionnaire. The primary outcome was the presence of self-reported postoperative pain symptoms, more than 12 weeks postoperatively. In addition, we Values are mean ± standard deviation or no. (%) of patients. Baseline characteristics of the total cohort and study population are given. Characteristics were compared between responders and nonresponders; no significant differences between responders and nonresponders were found. Numbers are expressed as percentages of the total population.
included as secondary outcome measurements the characteristics of the reported pain symptoms and the severity of this pain in terms of intensity on the visual analog scale (VAS) and quality of life.
McGill Pain Questionnaire (MPQ)
The MPQ is a validated instrument designed to provide quantitative measurements of subjective pain that can be analyzed statistically. 21, 33 In this part of the questionnaire, patients were asked if they experienced one of the following symptoms from 12 weeks postoperatively until now: pain, a burning or stabbing sensation, numbness, excessive sensitivity, abnormal sensation, itching, pain in the cold or heat, or the feeling of walking on pillows. If yes, patients were asked whether the symptoms were still present at the moment of answering. Thus, a division could be made between temporary and permanent symptoms; chronic pain has often been defined as any pain lasting more than 12 weeks. 31 Only the group with permanent symptoms was then asked about the location of the symptoms, the duration and the intensity of this pain. Only this group was used for further analyses. The last part of the MPQ contained additional questions that provided an indication of the degree to which the health-related quality of life of patients was affected by the pain.
Douleur Neuropathic en 4 Questions (DN4)
The DN4 was used to study the neuropathic origin of the symptoms; it is a validated screening tool for neuropathic pain consisting of 10 items. 28 The questionnaire is designed to compare patients with chronic pain associated with neurologic or somatic tissue injuries, and it has been shown that the questioned symptoms are significantly more frequent in patients with a definite neurologic lesion. It includes 3 items about the type of pain, 4 about the associated symptoms, 2 about the existence of numbness in the painful area, and 1 about initiation or enhancement of pain by rubbing. The last 2 questions were initially designed to be completed by a physician; in 2008 Bouhassira et al performed a successful complementary validation to compare self-administered and clinician-administered forms of the DN4 questionnaire. 1 Therefore, we could adapt the questions for completion by the patients themselves without compromising the validity of the questionnaire. The total score was calculated as the sum of the 10 items, and the cut-off value for the diagnosis of neuropathic pain was a total score of 4 of 10.
Statistical Analysis
Quantitative data were expressed as mean ± standard deviation or the sample median. Categorical data were expressed as frequencies and percentages. Descriptive statistics were used to present patient characteristics and prevalence of pain symptoms. Differences between responders and nonresponders were analyzed by an independent samples t test or chi-squared test. The analysis for prognostic factors was performed through a multivariate logistic regression model for which the primary outcome (neuropathic pain) was the dependent variable. Explanatory variables were chosen on the basis of their relevance in terms of medical knowledge, and factors reaching a probability of <.10 or lower on univariate analysis were considered potentially important and included in multivariate analysis. Variables age, body mass index, and education level were stratified into high-middle and low variables, in order to avoid an unequal distribution of prognostic factors. Interactions were assessed in the model by determining the significance of variables for which a relation might locally thought to be present and important. A P value of ≤.05 was chosen to indicate statistical significance. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated.
Source of Funding
There was no external funding source for the study.
Results
Postoperative Pain Symptoms
Of all respondents, 129/271 (48%) reported experiencing postoperative pain symptoms 3 months after surgery ( Table  2 ). Respondents were asked to report the location of their symptoms; depending on the type of fracture, the most reported location was the lateral side of the ankle (88 patients).
The second most reported location was the medial side of the ankle in 62 cases. Respondents were able to report more than 1 location, and this resulted in the majority of the respondents reporting multiple areas at the same ankle. This question also allowed respondents to type in a free text answer, and in 12 cases the dorsum of the foot was mentioned, which is innervated by the superficial peroneal nerve. No contralateral ankle abnormalities were recorded; however, 9 patients reported pain in the thigh, which may be referred pain from the ankle or pain due to compensatory movements. Of all 129 respondents with pain symptoms, the side of the reported pain correlated with the side of the incision in 113 patients and 61 patients reported pain on both medial and lateral sides of the ankle while the incision was only one-sided.
Neuropathic Pain
Overall prevalence of persistent neuropathic pain symptoms in the respondents was 61/271 (23%). The most frequently reported DN4 items were a sharp sensation (97%), a burning sensation (96%), and a hypo-esthetic sensation (92%) ( Figure 2 ).
Quality of Life
A total of 65 respondents reported an impaired quality of life caused by their pain symptoms (Table 3) . Of these patients, 51 were classified as persistent neuropathic pain and 14 as nonneuropathic pain. Fifty-one of the total of 61 respondents (84%) with persistent neuropathic pain reported an impaired health-related quality of life caused by their pain symptoms; interference with daily activities was significantly higher than in those without neuropathic symptoms. The top 3 reported aspects having impact on the quality of life consisted of the need to rest (38 patients), presence of pain in the morning (45 patients), and being limited in daily activities (49 patients). Only a minority of the respondents had consulted a specialist for their complaints; a neurologist was visited in 17 respondents, whereas a physical therapist was seen in 42 cases. As a result of the symptoms, 11 respondents had to change profession and 9 their working hours. Lastly, 22 of these respondents used analgesics at the time of completing the questionnaire, with the majority taking acetaminophen and NSAIDs. Only 1 person was prescribed the anticonvulsant drug pregabalin ( Table 3 ).
Predictors of Neuropathic Pain Symptoms
In univariate analysis, the following parameters were significantly associated with neuropathic pain symptoms: age, comorbidities such as hypertension, a thyroid disorder and lower back pain. Also, fracture dislocations and late complications such as nonunion, malunion, malreduction, posttraumatic arthritis or osteochondral injury were significantly correlated with neuropathic pain. Odds ratios are depicted in Table 4 . Although not significantly correlated, in our The DN4 questionnaire items are displayed on the x-axis where the number of patients is displayed on the y-axis. The most frequently reported DN4 items were a sharp sensation in 97%, a burning sensation in 96%, and a hypo-esthetic sensation in 92%.
population, a higher prevalence of neuropathic pain was seen in patients who consumed alcohol, had a low education level, a part-time job or were unemployed. On the contrary, patients with chronic pain without neuropathic characteristics were 40% more likely to have their hardware removed (26 vs 37). The parameters BMI, gender, smoking, diabetes, Weber classification, fracture type, incision type and a peripheral nerve block were not different among groups.
In multivariate analysis, following adjustment for potential confounders, an age between 40 and 60 years (adjusted OR = 3.42, 95% CI = 1.12-10.43, P = .031) was found to be strongly associated with a larger risk of developing neuropathic pain. In contrast to age range 40-60, hypertension, a dislocation, and late complications were found to be predictive of persistent postoperative pain symptoms but negatively associated with neuropathic pain (adjusted OR for hypertension = 0.14, 95% CI = 0.29-0.64, P = .012; adjusted OR for dislocation = 0.29, 95% CI = 0.11-0.78, P = .014; adjusted OR for late complications = 0.09, 95% CI = 0.02-0.43, P = .003) ( Table 5 ). Given the known relationship between older age and hypertension or dislocation and late complications, testing for interaction was performed but was nonsignificant and therefore not included in the model.
Discussion
In this study, the prevalence of neuropathic pain symptoms in ORIF patients was evaluated. Data on pain in 271 patients were collected and an overall prevalence of pain of 48% was found, whereas 23% of the respondents had persistent neuropathic pain symptoms.
The main limitation of the study is its retrospective design; since we asked patients to report pain symptoms that developed in the past, a potential of recall bias exists. Second, this study may have suffered from selection bias, as our response rate was only 53%, and persons with the disease might be more likely to respond. Be that as it may, the baseline characteristics did not show significant differences between responders and nonresponders (Table 1) , and the response rate was, however, comparable to other peerreviewed studies using similar methods (32%-63%). 17, 20 Another limitation is the lack of direct information regarding the etiology of pain symptoms. The DN4 questionnaire allows identification of chronic pain with neuropathic characteristics with a very good sensitivity and specificity but does not allow identification of its cause. 28 One must also be aware that injuries to peripheral nerves also occur in ankle fractures prior to operative treatment. 14 There is very little in the orthopedic literature on this subject. However, in the past, several authors investigated the prevalence of chronic pain with neuropathic characteristics in the general population. Bouhassira et al described a prevalence of 31.7% reporting chronic daily pain for more than 3 months; in the same population, neuropathic characteristics were reported in 6.9%. 1 Smith et al suggested an overall prevalence of neuropathic pain of 8%. 29 Our results indicate that chronic pain is more prevalent in an ankle surgery population when compared to the general population. However, it is difficult to interpret prevalence rates in the context of literature because of differences in scope and study designs.
More recently, Friesgaard et al used the DN4 questionnaire to interview 328 patients after ankle or wrist fractures and reported that 83 (25%) of these patients experienced symptoms suggestive of neuropathic pain. 11 Fuzier et al performed a cross-sectional cohort study in 2100 patients undergoing orthopedic surgery and found that 48% reported Numbers are expressed as percentages of the NP+ Group (n=61) and the NP-Group (n=68). Fisher exact test was performed when the expected value of the number of sample observations was at lower than 5. Univariate logistic regression was performed when χ 2 analysis was unable to produce odds ratios. b Variables with a P value ≤.10 were selected for inclusion in a multivariate analysis. c Late complications include nonunion, malunion, malreduction, (posttraumatic) arthritis, and osteochondral injury. pain 3 months after surgery and 42% of these patients presented a neuropathic pain component. 12 Ferkel et al reviewed 612 ankle arthroscopies, and found that neurologic injury was by far the most common complication, constituting 49% of all complications. The superficial peroneal nerve was most commonly affected (56%), followed by the sural nerve (22%), saphenous nerve (18%), and the deep peroneal nerve (4%). 10 Redfern et al found a significant difference in the incidence of superficial peroneal nerve injury between conservative cast treatment (9%) and ORIF following ankle fractures (21%). 25 These high percentages are in accordance with our findings; we found that the pain symptoms were frequently located on the lateral and medial ankle, which is the distribution area of the sural and saphenous nerve.
Factors found in population studies to be associated with neuropathic pain include older age, female sex, manual occupation, and lower education. 29 These associations were not all found in our population; neuropathic pain after ORIF was significantly associated with a higher risk in the age group 40 to 60 years, but the risk was decreased in the age group 60 to 84 years. In general, older adults are at increased risk of neuropathic pain because many diseases increase with age. 26 Although this is comparable to previous studies, no plausible biological reason was found for this ankle surgery population, and it may be attributable to numerical differences in the 2 groups (neuropathic vs nonneuropathic pain). Hypertension, fracture dislocations, and late complications were found to be negatively correlated with neuropathic pain after ankle trauma, or strongly positively correlated with persistent postoperative pain without neuropathic characteristics. Patients with comorbidities have higher complication rates following both open and closed management of ankle fractures. This is in agreement with findings reported by other investigators. Soo Hoo et al reported that the rate of complications following ORIF of ankle fractures was higher in patients with comorbidities of advanced age and peripheral vascular disease. 30 Sculco et al reported that the incidence of open fractures was significantly higher following dislocated ankle fractures when compared to nondislocated fractures. Also, ankle fracturedislocations had increased pain, and authors concluded that dislocation is associated with worse functional and radiographic outcomes. 27 It is therefore not surprising that a fracture dislocation was correlated to an increased risk of persistent postoperative pain. However, theoretically, blood vessels and nerves are at risk of injury following ankle dislocations because of the rapid swelling, and one would therefore expect a correlation with neuropathic pain symptoms. One possible explanation could be that there is a difference in effect of mild or severe dislocations. Unfortunately, this difference was not tested because this would have reduced the power of the study.
Persistent postoperative pain symptoms affect patients' health-related quality of life; this is a common finding in literature. 22 In our population, approximately 1 in 4 respondents suffered from neuropathic pain symptoms, of which many suffered from moderate to high interference with daily activities. No data on sensory loss or numbness were found in the medical records of these patients, indicating that a sensory examination was not part of the routine examination. A total of 84% (51/61) of these respondents reported an impaired quality of life caused by their pain symptoms. The majority indicated they needed extra rest or experienced symptoms in the morning. More than 42 respondents of this group had consulted a physical therapist, but in contrast fewer than 17 respondents were referred to a neurologist or anesthesiologist. Only 22 of the patients with neuropathic symptoms received adjuvant pain medication, of which the majority used acetaminophen. Notable is that only 1 person in our study population was prescribed the anticonvulsant drug pregabalin, which is recommended as a first-line agent for the treatment of pain associated with neuropathy. 32 This low number can partially be explained by unawareness of the treating surgeon. However, patients might also be less likely to take medications, and the risk of side effects for symptoms that decrease throughout the day. In this study, the etiology of pain symptoms could not be directly identified but the high prevalence of chronic pain with neuropathic characteristics suggests that the symptoms originate from neurologic injury, presumably traction neuropathy. Of the respondents, 25% had nonneuropathic pain, and the results of the univariate analysis show that this group had a higher rate of hardware removal and more late complications such as nonunions and arthritis, when compared to the neuropathic pain group. In this group, stretch trauma is most likely the most common mechanism of peripheral injury, and recovery is often seen within weeks. 4 Symptoms may persist or worsen because of entrapment of the nerves by scar tissue or perineural fibrosis, which could be the case in 23% of the respondents who suffer persistent pain symptoms. Direct iatrogenic injury is an additional mechanism because nerves are at risk as a result of the variable anatomy; however, the lack of correlation between pain symptoms and incision or fracture side in some patients does not make this hypothesis apparent. Another contradiction is that residual complaints after ankle sprains are described by multiple authors, and Kleinrensink et al described that inversion trauma itself is frequently accompanied by lesions of the superficial and deep peroneal nerve. 18, 19, 34 Additionally, no significant association was found between fracture type, Weber classification, incision, and neuropathic pain symptoms. Other indirect pathologies may be idiopathic of inflammatory signs, such as complex regional pain syndrome and postsurgical inflammatory neuropathy. 4 The results of the logistic regression analysis suggest that these symptoms are the result of a combination of the initial injury, age, and comorbidities. Recognizing the neuropathic origin of patient's pain symptoms can affect the treatment options. Future prospective studies will need to determine the exact etiology of these pain symptoms.
Conclusion
This study showed that 23% of the respondents following ORIF of ankle fractures had neuropathic pain symptoms. This complication causes increased interference with daily activities and health-related quality of life. The majority of the patients did not receive adjuvant analgesics. We identified one significant predictor of neuropathic pain after ankle surgery: an age between 40 and 60 years. We also identified 3 significant predictors of persistent pain without neuropathic characteristics after ankle surgery: hypertension, dislocation, and late complications. Even though these factors cannot be influenced, this knowledge may aid the treating surgeon to identify patients who are at increased risk of persistent postoperative neuropathic pain and affect the treatment of pain in these patients. Future studies will need to determine the etiology of these pain symptoms.
